An atypical homeodomain in SATB1 promotes specific recognition of the key structural element in a matrix attachment region.
SATB1 is a cell type-specific nuclear matrix attachment region (MAR) DNA-binding protein, predominantly expressed in thymocytes. We identified an atypical homeodomain and two Cut-like repeats in SATB1, in addition to the known MAR-binding domain. The isolated MAR-binding domain recognizes a certain DNA sequence context within MARs that is highly potentiated for base unpairing. Unlike the MAR-binding domain, the homeodomain when isolated binds poorly and with low specificity to DNA. However, the combined action of the MAR-binding domain and the homeodomain allows SATB1 to specifically recognize the core unwinding element within the base-unpairing region. The core unwinding element is critical for MAR structure, since point mutations within this core abolish the unwinding propensity of the MAR. The contribution of the homeodomain is abolished by alanine substitutions of arginine 3 and arginine 5 in the N-terminal arm of the homeodomain. Site-directed mutagenesis of the core unwinding element in the 3' MAR of the immunoglobulin heavy chain gene enhancer revealed the sequence 5'-(C/A)TAATA-3' to be essential for the increase in affinity mediated by the homeodomain. SATB1 may regulate T-cell development and function at the level of higher order chromatin structure through the critical DNA structural elements within MARs.